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Invention Title: "METHODS FOR MAKING 

COMPOSITE TILES" 



The invention Is described in the following statement 



TITLE 

"METHODS FOR MAKING COMPOSITE TILES- 
FIELD OF THE INVENTION 
This Invention relates to methods for making composite tiles. 

BACKGROUND OF THE INVENTION 
A traditional method of laying tiles, slate or the like (from 
hereon referred to as "stone elements") entails spreading mortar over a 
surlace to which the stone elements are to be applied and then pressing 
each stone element into the mortar by hand. This paving system is typically 
known as "crazy paving". A disadvantage with this laying method is that 
considerable skill is required to lay the stone elemente such that a level finish 
Is obtained, particularly when the stone elements are of small size. Crazy 
paving when installed by a skilled stonemason can cost in excess of $200.00 
per square metre. Even greater skill is required and greater costs incurred If 
the elements themselves are of different shapes and sizes and a complex 
pattern is to be laid. 

Another disadvantage with the traditional laying method is that 
it is not usually possible to obtain differences In mortar colouring over the 
whole job. and such variation in mortar colouring may be desired for 
aesthetic reasons. 

In an endeavour to reduce the dependence on a skilled 
stonemason to install natural looking "crazy paving" stone paving suri'aces, it 
has been proposed to form a large tile element measuring one metre square 
by pouring a cementitious grout into a shallow square tray and then pushing 
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natural rocks or stone fragments Into the upper surface of the grout and then 
allowing the tile element to set When removed from the mould the tile 
element was then cut by a diamond saw into four tiles each measuring 
500 mm x 600 mm. The tiles were marked on the rear faces to enable an 
5 installer to align conectly abutting tile edges to maintain the original layout of 
rocks or stone fragments. 

Although generally suitable for its Intended purpose, this 
method of manufacturing "crazy paving" tiles suffered from two major 
disadvantages. Firstly, it was difficult to maintain an even paving surface 
1 0 due to variations in thickness both wfthin a tile element and also between 
adjacent tiles of other tile elements. 

Secondly, but more importantly, the major problem with these 
tiles was that even when grouted, the linear intersections between adjacent 
tiles were cleariy visible which prevent the natural look of crazy paving 
15 installed by a stonemason. 

It Is an aim of the present invention to overcome or ameliorate 
at least some of the disadvantages associated with prior art crazy paving 
style tiles. 

SUMMARY OF THE INVENTION 
20 According to a first aspect of the Invention, there is provided a 

method of manufacturing an ungrouted composite tile, said method 
comprising the steps:- 

(a) placing one or more stone elements within a mould 
having a floor and a side wall extending about the perimeter of said floor. 



(b) adding an inert displacer layer to the mould such that 
cavities between the stone elements and mould floor are at least partially 
filled and part of the stone elements protrude above the inert displacer layer, 

(c) overlaying the stone elements and inert displacer layer 
to a predetermined depth with a settable material, wherein the settable 
material binds to the protruding part of the stone elements either directly or 
after treating the protruding part with an adhesive; 

(d) allowing the settable material to cure to fonii a backing 

layer; 

(e) removing the tile from the mould; and 

(f) removing the inert displacer from the tile. 

The stone elements may be selected from clay, slate, stone or 
any other natural or synthetic hard material. The stone elements can be a 
fragment of a laiger stone element, or the stone element can have been cut 
down to size. 

The inert displacer can comprise any non-soluble powder or 
any liquid that is able to exclude the settable material from the gaps between 
the stone element and mould, and is able to be removed from the gaps after 
the backing layer has cured. Preferably, the non-soluble powder is a fine 
powder such as talcum powder, pulverised lime or fine sand. Preferably, the 
liquid is a viscous liquid such as a synthetic or mineral oil, water gel, an 
aqueous polymeric material, an aqueous cellulosic gel, or the like. 

It is important that there is good bonding between the stone 
element and the settable material. Whether or not an adhesive is used to 
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treat the protruding part of the stone element will depend on the nature of the 
settable material. If the settable material comprises a cementitious mixture 
(such mixtures being well-known to persons skilled in the art), then an 
adhesive may first be applied to the stone material prior to overiaying with 

5 the settable material. The adhesive can comprise a bonding agent such as 
an epoxy resin or neat cement powder plus one or more bonding agents. 

In one form of the invention, epoxy resin can be applied to the 
protruding part of the stone element together with cement powder, prior to 
adding settable material comprising a cementitious mixture. The cement 

10 powder helps bond the stone element to the settable material. 

In another fonm of the invention, the settable material can 
' comprise a cementitious mixture containing a polymeric bonding agent 

Preferably the polymeric bonding agent confers a degree of 
resilience to the settable material to accommodate differing coefficients of 

15 thermal expansion between stone elements and the settable material. 

In yet another form of the invention, cement can be excluded 
from the settable material altogether and replaced with a bonding agent such 
as an epoxy resin or flexible cementitious glue, preferably mixed together 
with inert filler. Such fillers are well known in the art. An advantage of 

20 excluding cement from the settable material is that the tile will be more 
lightweight 

Suitably the settable material may include a fibrous reinforcing 
such as fibreglass, metai, or synthetic fibre mesh, enlarged end fibres or any 
combination thereof 
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The tile can be removed from the mould by straightforward 
inversion of the mould. However, any other suitable means of removing the 
tile from the mould can be used, i.e.. a demountable mould. 

The inert displacer can be removed from the cavities by 
suction, by brushing or by washing/blasting the tile with a liquid or gas jet. 
Preferably, the inert disptacer is collected for reuse. 

The inert displacer enables an ungrouted tile to be 
manufactured, thus allowing the consumer the choice of texture and grout 
colour when the tile Is laid. 

The mould may be of a regular but non-rectangular shape such 
as a triangle, pentagon, hexagon, etc. 

Alternatively, the mould may be of an irregular shape. 

If required, the mould comprises one or more spigot-like 
projections on a pair of adjacent edges with corresponding socket-like 
recesses on respective opposite edges. 

The mould may contain a stencil such that stone elements can 
be arranged in accordance with a predetermined pattern. 

A projection system, as described elsewhere in this 
specification, can be used to assist in marking, cutting and arranging stone 
elements in accordance with a pattern or stencil. 

According to another aspect of the invention, there is provided 
an ungrouted composite tile when made by the above method. 

The stone element can comprise clay, slate, stone or any other 
natural or synthetic hard material straight cut or water washed. Preferably, 



the tiie has a plurality of stone elements. The stone elements can be of 
varying thickness. The stone elements can be ananged in accordance with 
a particular pattern. 

The inert displacer can comprise a non-soluble powder and is 
preferably talcum powder, pulverised lime or fine sand. 

Alternately, the inert displacer can comprise a viscous liquid 

such as oil. 

In a fiiBt embodiment, the backing layer can comprise a cured 
cementitious mixture, and the adhesive can comprise an epoxy resin and 
cement powder 

In a second embodiment, the backing layer can comprise cured 
cementitious mixture containing set epoxy resin. 

In a third embodiment, the backing layer can comprise at least 
set epoxy resin, and preferably further has an appropriate filler. 

Preferably, the tile is substantially rectangular or square when 
viewed in plan and has a surface area of about one by two metres, or one by 
one metre. 

In a preferred embodiment of the invention, there is provided 
an ungrouted composite tile of substantially unifomi thickness comprising: 
a backing layer; 

a plurality of stone elements, a part of each stone element 
being bound either directly or indirectly to the backing layer; and 

removable inert displacer overiying the backing layer adjacent 
the stone elements. 
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According to a further aspect of the invention, there is provided 
a method of manufacturing an ungrouted composite tile, said method 
comprising the steps: 

(a) placing a plurality of stone elements of substantially 
Identical thicicness within a mould; 

(b) adding an Inert displacer layer to the mould such that 
gaps between the stone elemente and mould are at least partially filled and a 
part of each stone element protrudes above the inert dtsplacen 

(c) adhering a backing layer to the protruding parts of the 
stone elements; 

(d) removing the tile from the mould; and 

(e) removing the inner displacer from the tile. 

The inner displacer can be as described for the other aspects 
of the invention. The backing layer can be adhered v\nth epoxy resin. 

Preferably, the backing layer comprises rigid synthetic mesh. 

According to yet another aspect of the invention, there is 
provided a ungrouted composite tile comprising: 

a plurality of stone elements of substantially identical tiiickness; 

a backing layer adhered to each of the stone elements; and 

removable inert displacer overiying the backing layer adjacent 
the stone elements. 

The inert displacer, the adhesive and backing layer can be as 
described for the fifUi aspect of the invention. 

According to a still furtiier aspect of the invention, there is 



9 

provided a projection system enabling a stone element to be easily marked 
for €:utting, said projection system oomprising: 

a first surface region; 

a second surface region; and 

image projection means, such as a projection camera 
positioned to project an image of a pattern from the first surface region to the 
second surface region, wherein the image is projected onto a stone element 
placed on the second surface region. 

Preferably, the first and second surface regions extend 
horizontally and the projection camera is positioned above the surface 
regions. More preferably, the surface regions are at different heights to one 
another. 

The projection camera can comprise any suitable projection 
camera known to persons skilled in the art 

The pattern may be that of a stendl, and the standi can be 
located within a pan. The projection system thus enables stone elements to 
be easily marked for cutting, and after cutting, to be placed within the pan 
acoording to the stenciL In this way, persons other than experienced 
stonemasons can readily produce complex arrangements of stone elements. 

According to an alternative aspect of the invention, there is 
provided a method of enabling stone elements to be easily marked for 
cutting and to be anranged in accordance with a pattern, said method 
comprising the steps: 

(a) projecting an image of a pattern from a first surface 
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region to a second surfooe region using image projection means, such as a 
projection camera; 

(b) placing stone elements under the projected image, 
marking and cutting the stone elements to accord with the image; and 
5 (c) arranging the cut stone elements on the pattern. 

Preferably, the pattern is that of a stencil and the stencil can be 
located within a mould. In this way, inexperienced stonemason can mark. 
. cut and arrange stone elements according to complex patterns. 

According to another aspect of the invention there is provided a 

10 tile for seamless paving structures, said tile comprising: 

» 

a plurality of ineguiariy shaped stone elemente extending at 
least partially above a backing layer or base, said tile when in aligned 
abutting relationship with an adjacent tile, fomning together with said adjacent 
tile an irregularly shaped cavity extending between adjacent stone elements 
1 5 whereby, in use, a grouted joint between adjacent tiles extends irregularly on 
each side of a joint between said tiles to form an optically seamless joint. 

If required, edges of said stone elements may extend up to 
edges of said backing layer or base. 

Alternatively, said edges of said backing layer or base may 
20 extend beyond edges of adjacent stone elements bonded thereto. 

The tile base may be of any suitable shape Including square, 
rectangular, regular polygon or an inegular shape nestable with adjacent tiles 
of the same or differing shapes. 

Preferably, the tile comprises one or more spigot-like 
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projections extending from adjacent edges and corresponding socket-like 
recesses on respective opposite edges. 

The invention also provides a method for installing tiles for 
seamless pa^nng structures, said method including the steps of: 
5 adhering said tiles to a planar surface in aligned abutment; and, 

introducing a grouting composition into cavities between 
adjacent stone elements whereby grouting composition in the region of a 
joint between adjacent tiles extends irregularly over each side of said joint to 
form an optically seamless joint. 
10 If required, said tiles may be laid on said surface with abutting 

base edges. 

Alternatively, said base edges may be spaced and stone 
elements of differing sizes are inserted into the surface of grout 
therebetween to form an optically seamless joint 
15 The temn "comprise", or variations of the term such as 

"comprises** or "comprising'', are used herein to denote the inclusion of a 
stated integer or stated integers but not to exclude any other integer or any 
other integers, unless in the context or usage an exclusive interpretation of 
the term is required. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be described 
with reference to the following drawings in vy^ich: 

FIG. 1 is a flow diagram representing the steps In 
manufiacturing an ungrouted composite tile, according to an embodiment of 
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the present invention; 

FIG. 2 is a transverse cross-sectional view of an ungrouted 
composite tile made by the method of FIG. 1 ; 

FIG. 3 shows a transverse cross-sectional view of the tile of 
FIG. 2 when laid; 

FIG. 4 shows a perspective view of a projection system 
according to another embodiment of the present invention; 

FIG. 5 shows a tile for seamless paving structures: 

FIG. 6 shows a partial view of a seamless paving structure 
fomned with the tiles of FIG. 5; and 

FIG. 7 shows a partial cross-sectional view of a grouted joint 
between adjacent tiles. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a flow diagram representing the steps in 
manufacturing an ungrouted composite tile, such as the tile 21 shown in 
FIGS. 2 and 3. Numerals 2-19 are shown only in FIG. 1. 

A shallow mould or pan 1 , ha>nng a base area of 500 mm x 500 
mm is placed on a conveyor belt 2 sprayed with a release agent such as 
form oil and transported to a layup station 3. Once the pan 1 reaches the 
layup station 3, stone elements (such as slate) 20 are arranged within the 
pan 1 to achieve a random pattern. 

The stone elemente 20 may either be cut to size but preferably ' 
randomly shaped fragments of stone are simply fitted into the pan 1 to 
achieve a random pattem. The stone elemente 20 are spaced slightly apart 
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from one another, and the preferred face of each stone element 20 is placed 
face down within the pan 1 . 

Once the stone elements 20 have been an^nged within the 
pan 1, the pan 1 is conveyed to an applicator 8 that adds an inert displacer 
5 24, typically talcum powder or fine sand, to the pari 1 such that spaces 
between adjacent stone elements 20 and the pan 1 are to some extent filled 
with the displacer 24 (see FIG. 2). The displacer 24 is removed prior to laying 
of the tile and creates an ungrouted tile 21, as evident from FIGS. 2 and 3. 

Applicator 8 also applies a coat of adhesive 22, typically epoxy 
1 0 resin or cement powder plus bonding agent, to the e)q30sed surface of each 
stone element 20 (see FIG, 2). The adhesive layer 22 helps bond each 
stone element 20 to a subsequently added settable material which forms a 
backing layer 23. 

The stone elements 20 and displacer 24 are then overlayed 
1 5 with the backing layer 23 comprising settable cementitious material (see FIG. 
2). The backing layer 23 is excluded from the spaces filled with displacer 24. 
The backing layer 23 is dispensed (at numeral 9) from a bowl mixer 7 that 
contains a mixture of and (from said hopper 5), cement (from cement hopper 
6), polystyrene beads, calcium chloride, water as well as other well known 
20 ingredients (at numeral 4). 

The backing layer 23 Is quite lightweight, it hokJs the stone 
elements 20 together, and enables the tile 21 to be made to a predse and 
uniform thickness. 

When the tiles have cured they are removed from respective 
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pans and the empty pans 1 8 are reused In the manufacture of other tiles. 

The dfsplacer 24 produces an ungrouted tile 19,21 which 
allows the consumer the choice of texture and grout colours when laid. 
Moreover, laying a composite tile 21 is much less difficult than laying 
5 individual stone elements. 

An advantage of putting the stone elements 20 in the bottom of 
•the pan 1 is that prior to use of the tile, there is no need to clean off uncured 
backing layer 23 from the stone elements 20 and no need for acid bathing or 
scrubbing of the stone elements 20 of the cured tile 21 . 
1 0 FiG. 4 shows details of a projection system 30 to enable stone 

elements to be easily marked for cutting and to be arranged in accordance 
with a complex predetermined pattern 35. 

The projectton system 30 has a first surface region 31, a 
second surface regton 32 at a different height to the first surface region 31 , 
15 and a projection camera 33 posifioned above the surface regions 31, 32. 
The surface regions 31 , 32 are supported above the ground by legs 34. The 
projection camera 33 is positioned to project an image 36 of the pattern 35 
placed on the first surfece region 31 to the second surfoce region 32. 

The pattern can be an artistic work, a stencil, or even another 
20 composite tile, the pattern of which is to be reproduced. The pattern can be 
located within a pan for easy arrangement of the stone elements. 

The image 36 is projected onto a stone element (not shown) 
placed on the second surface region 32. The stone element is then marked 
and cut. After cutting, the stone element is fitted to the pattern 35, much like 
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fitting a jigsaw puzzle. In this way, stone elements can be easily marked, cut 
and arranged by persons other than experienced stonemasons. 

FIGS. 5-7 illustrate the manner in which optically seamless 
jointe are obtained between adjacent tiles. 

FIG. 5 shows a plan view of a tile 40 made in accordance witii 
the invention. The tile is laid up in an inegularly-shaped mould (not shown) 
to obtain an ungrouted tile as shown having non-linear edges represented by 
spigot-like projections 41 . 42 on opposite edges of the tile and corresponding 
socket-iil^e recesses 43, 44 on the adjacent opposite edges. 

When the tiles are laid with the edges 45a of the tile bases 45 
of adjacent tiles in contact with each other, respective socket-like recesses 
43,44 nestingly accommodate spigot-like projections 41,42. 

As shown in FIG. 7, because of the irregular shapes and 
random patterns obtained when stone elements 46 are laid up in the mould, 
the upper edges of the tiles represented by the upper edges 47 of adjacent 
stone elements 46 are highly in-egular and are set back from the smoothly 
formed base edges in an irregular fashion such that when the tiles are 
grouted In situ, the grout overlies tiie joint 48 between adjacent tile bases 45 
in a random fashion with a variable width. 

Because there are in effect no sharp straight lines visible at the 
joints between adjacent tiles, the joints effectively become optically invisible 
as shown in FIG. 6. 

Although a rectangular or square tile formed in accordance witii 
the invention wW produce a non-linear grout Interstice between adjacenttiles, 
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it is preferred that the shape of the tile is other than square or rectangular to 
avoid a partially visible grid-like pattern appearing in large tiled areas. The 
non-linear edges of the tile shown in FIG. 5 are very effective in avoiding the 
appearance of joins on a grid-like pattern in large paved areas as shown in 
5 FIG. 6- 

The tiles may be formed with (one or more) ''male" projections 
at one pair of opposed ends (or sides) which are complementary with (one or 
more "female" recesses at a second pair of opposed sides (or ends) to 
provide a non-linear join between adjacent tiles. Alternatively, the ''male" 
1 0 projections may be on one pair of adjacent ends (or sides), and the 'lemale" 
recesses on the other pair of adjacent ends (or sides). 

A square or rectangular tile made in accordance with the 
invention can be effectively employed if a gap of about 50 mm or more is left 
between adjacent tiles. When the tiles are grouted in situ, the region 
15 between the adjacent tiles can have irregulariy-shaped stone elements 
pushed into the surface of the wet grout using the adjacent stone elements 
of the tiles as a guide to obtain an even thickness. 

As an alternative to spacing the tiles, the tiles may be formed 
with the stone elements set back about 25 mm from the edge of the tile 
20 bases. This enables the tiles to be accurately abutted while still providing a 
wide grout channel over a tile joint to accommodate irregularly-shaped stone 
elements after the tiles are grouted. 

With modification to the embodiment hereinbefore described, it 
is possible to manufecture a grouted tile. 
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The inert displaoer is substituted by a retarder over which is 
placed a layer of grout, preferably to the full depth of the adjacent stone 
elements. 

The retarder significantly slows the setting rate ofthe'top" layer 
of the grout e.g., to 24-36 hours. When the composite tile is removed from 
the mould, the unset/partially set top grout layer can be removed, e.g., by 
pressurised water to leave the remaining grout (e.g., to a depth of 50-80% of 
the thickness of the stone elements) in the interstices between the adjacent 
stone elements. 

In a further alterative embodiment the stone elements may be 
pressed into the grout. For example, a layer of retarder is placed over the 
bottom of the mould and a layer of grout is superimposed over the retarder. 
The stone elements can t)e placed and pressed into the grout, which tends 
to be "extruded" into the interstices between adjacent stone elements. 

The settable material is applied and cures to form the backing 
layer. When the composite tile is removed from the mould, the 
unset/partialty set grout is removed to expose the top faces of the stone 
elements (and the grout between the stone elements). 

It readily will be apparent to a skilled addressee that many 
modifications and variations may be made to the invention without departing 
from the spirit and scope thereof. 

For example, the tiles may be triangular, polygonal or even 
circular in shape and yet stiil achieve an optically seamless joint between 
adjacent tiles. 
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DATED this Tenth day of October 2002. 

BRIAN AUGUSTINE BOSERIO 
By his Patent Attorneys 
FISHER ADAMS KELLY 
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